This paper presents the evaluation of computational mind model based on temperamental decision algorithms with emotional behaviors. Our computational model of emotion is inspired on appraisal theory and on superior nervous system characteristics. We define the model for temperamental agent with emotions. In this paper we prove that teams of the agents with different temperaments have different performances in the same simulation scenario. The result shows that strategies based on temperamental decision mechanism strongly influence system performance and there are evident dependencies between emotional states of agents and their temperamental type, as well as dependencies between the team performance and team configuration, and this enables us to conclude that modular approach to emotional programming based on temperamental theory is a good choice to develop computational mind models for emotional behavioral Multi-Agent systems.
INTRODUCTION
Emotions are part of our lifes. They help us focus attention, remember, prioritize, understand and communicate. The possibility of computation of emotions is the exciting and interesting task. The emotions influence decision-making processes, socialization, communication, learning and many other important issues of our life.
Why program emotions?
Implementation of emotions in an artificial organism is an important step for different areas of intervention, since academical inquiry [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , education [13] [14] [15] , communication [11, 16] , entertainment and others [12, 17-19, 29, 30] . Researchers who focused on the functions of emotion for computational models trying to describe some of behavioral responses to reinforcing signals, communications which transmit the internal states or social bonding between individuals, which could increase fitness in the context of evolution. Among some models of emotions that are described through the computational process exists different approaches to the proper concept of emotion. Each model results of the definition that is given to the emotional process. Since analysis of needs/satisfactions of the human being [24, 25] , passing through the analysis of characteristics of the superior nervous system [26, 28] , physiological changes [23, 31] , neurobiological processes [27] , appraisal mechanism and analysis of the psychology of individual personality [20, 21] .
Emotions and temperament
For our project we define emotions as a set of external and internal responses which depends on the set of rules based on agent beliefs, desires and intentions. To proceed with development of our computational model of emotional we need to use some kind of quantitative measure to evaluate emotional state. But what is "Emotional state"? Interesting definition was given by Mehrabian [21] for this concept. He defined it as transitory conditions of the organism -conditions that can vary substantially, and even rapidly, over the course of a day. He also defined "emotional traits" (i.e. Temperament) as conditions that are stable over periods of the year or even a lifetime. As described in Pavlov's theory [28] , all human and animal behaviors are coordinated by the Central Nervous System (CNS). Therefore we can't study emotional agents without considering the particularities of the CNS and, consequently, the particularities of temperamental theory.
The classical definition for "Temperament" follows: it is a specific feature of Man, which determines the dynamics of his mental activity and behaviour. Two basic indexes of the dynamics of mental processes and behaviours are distinguishable at present: activity and emotionality. In this paper we will analyze an emotional model for the agents with temperament. We will use a complex approach to emotion/temperament concepts: based on physiological (CNS) characteristics and on psychological characteristics of the agents.
The scientific explanation of temperaments was given by Ivan Pavlov's study about the types of higher nervous activity. Pavlov discovered three properties of the processes of excitation and braking [28, 37] : 1. the force of the processes of excitation and braking; 2. the steadiness of the processes of excitation and braking;
3. the mobility of the processes of excitation and braking.
We use Pavlov's theory as the basis to define the model of temperament. Pavlov correlated the types of nervous systems with the psychological types of temperaments isolated with it and revealed their complete similarity. Thus, temperament is a manifestation of the type of nervous system into the activity, the behavior of man. To create a more flexible and efficient emotion-based behavior system, the appraisal model is implemented in mixture with Pavlov's temperamental theory [28] which studies the basic reasons for different temperamental behaviors and Eysenck's [26] neurophysiological interpretation of the basic values of temperament.
Paper Structure
The paper is organized as follows. Section 2 summarize the model characteristics we have implemented to perform the tests. Section 3 describes the evaluations experiences performed in different scenarios. Section 4 presents the conclusion and future work.
TEMPERAMENTAL AND EMOTIONAL MODEL
We choose the approach to emotional programming through the implementation of artificial personalities and the integration of the emotional model based on the appraisal theory. The innovation of our approach consists in the duality of our emotional character: it processes the information and gives the output using two different engines, physiological and psychological. In our model the temperament of the agent is defined as the configuration of his mechanical engines and the personality functions which simulates his psyche as the decision mechanism. The emotional response of the agent possesses a dual mechanism: it is physiological (such as motor and sensor force, face expression, mobility) and psychological (such as a vector which defines his internal emotional state).
We also need to emphasize the difference between the agent's temperamental state and agent's emotional state. Temperament, as we already defined, is the steady characteristics of the agent which is "innate" and do not suffer alterations during the agent's life. On the other side, the emotional state of the agent is the dynamic set of values which depends on the external influences, and on the agent's temperament. And emotions have a role of heuristic relating events to goals, needs, desires, beliefs of an agent and evaluate their personal relevance and help decision-making. So, for instance, two agents with different temperaments and the same emotional states on some temporal period, which receive the same external input will have different responses on both, the physiological and the psychological mechanism. We also define different sets of needs and motivations for each temperamental type by the influence of the agent's performance and stimuli on the team work. It is not the goal of this paper to describe all temperamental needs and the detailed structure of the temperamental decision mechanism. This modular, but complementary approach, is the core of the innovation of our emotional system and our aspiration of its usability.
Bilayer architecture
We assume bilayer architecture for our emotional model. One layer is physiological and describes the superior Nervous system from the Pavlov perspective. The other layer is psychological and works with the appraisal model created by Mehrabian.
Physiological Layer
The physiological layer of our model have a role of the simplified Central Nervous System as it was described by the Pavlov. In his theory all temperamental characteristics are based on force, mobility and steadiness of the processes of excitation and breaking. We decided to describe this as physiological characteristics of the agents. This layer was well described in our previous work [39] . In our multi-agent system the force of excitation and braking processes is represented by the force of the motor and reach of the sensors. The mobility of the agent is represented by its "persistence" to reach the goal and avoid negative emotions. For instance if some agent is "comfortable" in some place, and his mobility is low, he will not look to move to search other places. He will slow his motors and just stay in the same place until his emotional state changes and forces him to move quickly. At the same time, one agent who has a high mobility will search new places and new directories even if he is comfortable enough in some temporal phase. The steadiness of the agent is the velocity of his emotional state variation. For example, more balanced agents have a slow variation of emotional state. For this we introduce the variable called Anxiety which is used to increase or decrease the Pleasure variable. The value of Anxiety depends on the temperament of the agent.
Psychological Layer
Psychological layer of our model is the evaluation mechanism which works in order to analyze all external events received by the agent through his different sensors (obstacle, vision, etc...) and actualize the internal emotional state of the agent. Our approach does not prescribe a specific set of appraisal dimensions. We have chosen the Pleasure, Arousal, Dominance (PAD) personality-trait and emotional-state scales by Albert Mehrabian [21] because these dimensions are generally not considered to be appraisal dimensions. He argues that any emotion can be expressed in terms of values on these three dimensions, and provides extensive evidence for this claim [20] . This makes his three dimensions suitable for a computational approach. Mehrabian also provides an extensive list of emotional labels for points in the PAD space [21] and gives an impression of the emotional meaning of the combinations of Pleasure, Arousal and Dominance. The emotional-state of an agent can thus be understood as a continuously moving point in an ndimensional space of appraisal dimensions.
To perform emotional evaluation of the events received by the agents we have defined appraisal banks which relate the events with the Pleasure, Arousal and Dominance values. We have defined three appraisal banks, one related to survival, second related to the goals and the last one related to the specific temperamental needs of the agent. To evaluate the weight of the event received by the agent in PAD values we define Pleasure as the conductance of the goal. For instance if the agent sees the goal and no obstacle is present his pleasure is high, while if he sees a threat or looses the goal this is highly unpleasant. Arousal is the amount of attention each event needs, for instance to avoid threats the attention of the agent is needed and lose it needs no attention. Dominance is a measure that defines the amount of freedom of the agent. For example, if the agent sees a lot of obstacles then his dominance decrease. According to Mehrabian [21] arousal is highly correlated with activity and alertness so changing the Arousal we can control the Mobility of the agent.
To perform emotional evaluation of the events received by the agent we defined appraisal banks which relate each event with its PAD values. We defined three appraisal banks related to survival, points and goal. Appraisal-results are integrated using following formula,
where Et is the emotional-state at time t, E t+1 is the new emotional-state, n is the number of appraisal banks and ΔPAD ti the appraisal-result vector of bank i at time t.
EVALUATION
A simulation environment based on a Cyber-Mouse [34, 35] competition simulator was used to test and evaluate the strategies used on the work. A set of robotic experiments was conducted in order to test the performance of the system. Cyber-Mouse is a modality included in the MicroMouse competition organized by Aveiro University (Portugal). This modality is supported by a software environment, which simulates both robots and a labyrinth. All virtual robots have the same kind of body. It is composed of a cylindrical shape, equipped with sensors, actuators, and command buttons. The simulator estimates sensor measures which are sent to the agents. Reversely, receives and apply actuating orders coming from agents. Agents are given the following challenge: starting from their position in starting grid they must visit the target area and then return the their starting point. Score depends on fulfillment of challenge goals and on penalties suffered. Technically speaking, the task of the robots is to go from their starting position to the target area signalled by an infra-red light emitting beacon, and then return to their starting position. The final score depends on the distance from the starting to the ending point, on the time taken to return and on possible penalties due mainly to collisions with walls and other robots. We make the evaluations using teams with 9 agents. We define different teams of the temperamental agents to perform the evaluation of team performance. First scenario has few obstacles (walls) and a small arena. These conditions enable fast detection of the beacon to the agents, but force the interaction between agents across the simulation arena. Second scenario has more obstacles (walls) and a larger arena. In this scenario the goal is very difficult to accomplish and the agents have enough space for team interaction (grouping or isolation). Third scenario has a lot of obstacles (walls) and a small arena. In this scenario the goal is very difficult to accomplish, and the agents have fewer space for team interaction (grouping or isolation). We analyze our agent's performance on these three simulation scenarios and try to discover the advantages and disadvantages of using temperamental agents with this kind of simulation. We perform 10 interactions for each team/simulation scenario. The PAD values are presented in [-10, 10] interval instead of [-1, 1] . Note: To understand the evaluation results Table 3 , please see the Table 1 and the Table 2 which contains the detailed description of each header and abbreviation of the Table 3 . Table 1 Table 2: Labels for Tables 3a and 3b Title Description The evaluation results follows: 1C  1H  1M  1P  1S  2C  2H  2M  2P  2S  3C  3H  3M  3P 
CONCLUSIONS AND FUTURE WORK
A main goal of this project was to develop and test a new model of a computational emotional mind using two different temperamental theories. For tackling this domain, we initially study the basics of psychology and different approaches to evaluate emotional life of personality from temperamental perspective. As a rule, the theories of emotions can not say too much about the role of emotions in the development of personality and about their influence on thought and action. The majority of the researchers of emotions are connected only with one of the components of the emotional process. Although some theories develop the separate aspects of the interrelations of emotion and reason, actions and personality, much still must be done both on the theoretical and on the empirical levels.
In this work we have tried to implement emotional agents using two different approaches: appraisal theory with the PAD model and the central nervous system theory. We approach the concept of emotion from the physiological and psychological perspective, defining the personality of the agent and analyzing the different components of agent behaviors. We have simulated a kind of homogeneous and non-homogeneous society with different personalities and analyzed their group and individual performances. We can conclude that our approach produce very good results showing the dependence between two different layers (physiological and psychological) which where implemented independently. Hence, as it already has been proved theoretically from psychological perspective, which define that our emotional process are dependent on our temperamental type, we could state that our architecture is consistent and show the same interaction between two layers. This let us a large room for future improvement and research on this area. In order to improve our model we want to implement sub-layers for modular emotional evaluation of the external events. Also we want to study different search algorithms applied to our system to evaluate the impact of emotions and temperament on search strategies. Other possible development is the introduction of visual emotional feedback using the face expressions such as proposed by the Russel [19] . Also we are aiming at the introduction of additional objects in the simulation environment with different degree of thread/satisfaction and definition of the universal conditions for appraisal banks possible to use for different emotional appraisal systems.
Other evaluation strategies will be performed, such as comparison of team performance with different number of agents and pair/impair number of agents in the team.
